Introduction
To date powder modifiers have found wide application in metallurgy [1] [2] [3] [4] ; these serve for modification of the structure and properties of metals and alloys. The metallurgical processes occurring in the weldpool melt play the main role in the formation of a welded joint, which requires close control over the mechanical properties and structurization of weld metals. Therefore, application of modifiers in welding engineering takes on great significance [5] [6] [7] . The traditional methods for setting up an experiment generally involve description of all variables among observed correlated variables in terms of a potentially lower number of unknown variables, so-called factors. A statistical model based on a single unobserved variable (factor) is used for one factor analysis where the unknown factor is varied in a certain manner over a given range in a series of experiments. This evidently involves a waste of effort, since the area in which experiments are conducted falls far short from being optimal. In this case, mathematical methods are generally used for data treatment at the final stage only [8] . In practice, the optimal multifactor experimental design involves the use of mathematical methods in all stages of scientific research, in particular, for posing the problem, planning and scheduling completion of a set of experiments [9] . Thus, the main advantage of the above approach is a strictly specified sequence of operations fulfilled [9] . The goal of the given work is the development of know-how for integrating nanostructured modifiers into engineering processes to control, e.g. crystallization, structurization and manufacture of welds having specified properties. To achieve this goal, the following problems have to be solved: methods are to be developed for defining optimal concentrations of nanostructured modifiers by arc welding in argon shielding using a consumable electrode; the effect of nanostructured modifiers on the weld metal structure is to be investigated and weld deposit having a more stable equilibrium microstructure is to be produced under the conditions specified above.
Experimental Methods
The nanostructured powders were introduced into the weldpool using a special setup, which was designed for controlling the concentration of nanopowder particles in the protective gas volume injected into the arc zone [10] . The optimal concentration of the nanostructured powders in the protective gas was determined for specific dendrite thickness s and width e (mm) and for electrode metal drop volume v (mm 3 ). In order to optimize the concentration of nanostructured powders by consumable electrode arc welding in argon shielding, the first to be investigated was the influence of arc welding conditions on the microstructure of welded metal. The results obtained suggest that the minimal grain size is obtained in an arc welding operation at the current strength I CS =240-260 А and the arc voltage U A =28-30 V ( Fig. 1) .
Fig. 1. The optimal conditions of arc welding
The investigations were performed for choosing the optimal concentration of nanostructured powder modifiers in consumable electrode arc welding in argon shielding. The concentration was determined in mg per m of weld for each particular nanostructured powder, i.e. tungsten, Al 2 O 3 and molybdenum designated as X, Y and Z, respectively. Preliminary tests were performed for defining the range and step of variation in the concentration of X, Y and Z; the results are listed in Table 1 . Table 1 . Variation in the concentration of powder modifiers Variation range
Step of variation 5<Х<40 ∆X=5 5<Y<40 ∆Y=5 5<Z<40 ∆Z=5
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Designing factorial experiments has been implemented [11, 12] the prerequisite of which is magic square orthogonality [13] . Table 2 . At the next step experiments were performed to determine the effect of modifier concentration on dendrite size and electrode metal drop volume.
To define the optimal concentration of nanostructured powders in the protective gas, the dimensionless function f was found from the following expression:
where s b , and e b are the dimensionless values of dendrite thickness and width, respectively, and v b is the dimensionless value of electrode metal drop volume. The dimensional value of dendrite thickness is found from the following expression:
where s i is the true value of dendrite thickness in the i-th experiment and s c is the system value of dendrite thickness that is assumed to be equal to 1.5 mm for arc welding in the absence of nanostructured powders. The dimensional value of dendrite width is found from the following expression:
where e i is the true value of dendrite width in the i-th experiment; e c is the system value of dendrite width that is assumed to be equal to 21 mm for arc welding in the absence of nanostructured powders. The dimensional value of electrode metal drop volume is found from the following expression:
where v i is the true value of electrode metal drop volume in the i-th experiment; v c is the system value of electrode metal drop volume that is assumed to be equal to 3 mm 3 for arc welding in the absence of nanostructured powders. To provide for a high quality welding joint, the parameters s and e have to tend to a minimum. When a good stable condition of welding is set, the transfer of electrode metal drops will occur from the welding wire end to the weldpool; hence, the parameter v is also expected to tend to a minimum. Thus, the optimum concentration of nanostructured powders in the protective gas will satisfy the condition in which the dimensionless function (see the value f in Fig. 2 ) has a minimal value, i.e. 
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Fig. 2. Defining the optimal concentration of nanostructured powders in the protective gas
Experimental Results
The effect produced by the nanostructured modifiers introduced into the weldpool on the microstructure of metal deposited in consumable electrode arc welding in argon shielding has been examined experimentally. The test samples prepared from the austenitic steel (chemical composition: C -0,12%, Cr -18%, Ni -10%,Ti -1%) were deposited in an experimental setup described elsewhere using austenitic steel (chemical composition: C -0,12%, Cr -18%, Ni -9%,Ti -1%)wire 1.2 mm in diameter [8] . The nanopowders of tungsten (W), molybdenum (Mo) and Al 2 O 3 were used as modifiers. These were prepared by electric explosion method developed at the Institute of High Technology Physics affiliated at the National Research Tomsk Polytechnic University. The deposition of all the samples was performed in one and the same arc welding condition in argon shielding using solid wire (sample 1). However, certain parameters were varied by adding to the protective gas molybdenum, tungsten or Al 2 O 3 (samples 2, 3 and 4, respectively). The microstructure of the weld was examined using metallographic lateral sections prepared from all the test samples by mechanical grinding and polishing with the aid of the diamond paste ASM 107 NVL followed by chemical etching using Aqua Regis (75 % HCl + 25 % HNO 3 ). The investigation was performed by optical metallography technique in a microscope unit Neophot-21; photographic images were obtained with the aid of a digital photographic camera Genius VileaCam.
The research results suggest that the deposited metal can be arbitrarily subdivided into three distinctive layers that differ significantly in their microstructure [8] ; the layers are also found to differ in thickness for samples 1 through 4. The thermal effect is apparent in all the samples due to the occurrence of zones having the same thickness in the absence of clearly defined borders. On the weld border there occurs a dendrite microstructure, which gradually gives way to a polyhedron 'granular' microstructure characteristic of the zone where the thermal effect is apparent. The near-surface layer of the weld has a characteristic polyhedron 'granular' microstructure interspersed with groups of misoriented dendrites and occasional polyhedron-shaped austenite grains. In sample 1 the same layer is not very clearly defined; it makes up 15 % of the total weld thickness.
In samples 2 and 3 the weld has most clearly defined 'granular' morphology. The microstructure is composed of polyhedron grains alternating with groups of short misoriented dendrites. On percentage basis, this layer makes up about one-third of the total weld thickness (>30%). Sample 4 also has a well-defined polyhedron 'granular' microstructure, which is distinguished by the
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occurrence of short branched dendrites. This layer makes up one-fifth (20%) of the total weld thickness.
The next lower-lying layer has a microstructure that is distinguished by the occurrence of relatively short branched misoriented dendrites. In samples 1 and 3 this layer is only weakly defined; its thickness makes up, respectively, 28% and 26 % of the total thickness of the weld. Samples 2 and 4 contain most clearly defined layers composed of misoriented dendrites. In samples 1 and 3 dendrites actually form a network. In sample 4 there are areas free from dendrites; however, no grain boundaries are discernible. The layer of misoriented dendrites has thickness that makes up 32 % of the total thickness of the weld. The latter layer merges gradually with the next which is composed of oriented dendrites. The dendrites occurring in the layer of interest have their long axes oriented normal to the weld border, i.e. in the direction of thermal flow into the welded metal. The concentration of such layers containing oriented dendrites, given in percentage of the total layer thickness, varies from 57 % (sample 1) to 43 % (samples 2 and 3) to 45 % (sample 4). In the vicinity of the weld border there occurs another 20 µm-thick layer containing misoriented dendrites. Sample 1 contains thick heavily branched dendrites and sample 4, thin weakly branched dendrites; the difference in dendrite size, ∆l = 8 µm.
Conclusions
1. Addition of nanostructured powders to the weldpool has shown positive effect on the composition, properties and structure of welds. 2. A multifactor experiment was performed to examine the effect produced on the surfaced metal properties by nanostructured powder modifiers, which were added in different amounts to the protective gas argon in consumable electrode welding. The optimal concentrations of X 4 , Y 4 and Z 4 were determined. The minimal value of the dimensionless function f was defined for N=4. The optimal concentration of nanostructured powder modifiers in the protective gas was determined; the value obtained is 20 mg/m. 3. The addition of nanostructured powder modifiers has a positive effect on the microstructure of a surfaced metal. 4. Addition of nanostructured powders causes grain refinement of the surfaced metal (42 % and 33 % reduction in grain thickness and width is attained, respectively). 5. The difference in the size of dendrites, ∆l = 8 µm, is suggestive of the weld having a uniform microstructure.
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